INTRODUCTION
The systematic palaeontology of the soricids sensu lato, and in general all the Eulipotyphla, is poorly studied in the early Miocene in the Iberian Peninsula. Although frequently found in European karstic filling sites, but more scarce in lacustrine sites (Klietmann et al., 2014) , they are mostly represented by scarce material, consisting of isolated molars, and they are mainly known through faunal lists or preliminary reports in Spain (Van den Hoek Ostende and Furió, 2005; Van der Meulen et al., 2011; Van den Hoek Ostende et al., 2016; , or they are merely included in ecological analyses (Van den Hoek Ostende, 2001a ). Therefore, a complete descriptive study of this group is very important to understand their evolution throughout the early Miocene. Specially, at the initial steps of the Miocene Climatic Optimum located in the uppermost early Miocene, closed to the radical change of the rodent faunas at the end of the cricetid vacuum.
During the early Miocene, the family Soricidae was far from being a dominant group in the Iberian Peninsula as it is nowadays in current eulipotyphlan faunas (Van den Hoek Ostende et al., 2016; Furió et al., 2018) . Its Spanish fossil record in this time interval is relatively reduced (Van den Hoek Ostende and Furió, 2005 ; Table 1 ).
On the other hand, the family Heterosoricidae, in the early Miocene of Iberian Peninsula is monospecific in MN4 zone. For that reason, it is considered as a transient genus (Van den Hoek Ostende et al., 2016) . The record of this family is limited in the Spanish sites (Table 1) . Near the sites studied in the locality of Buñol, Robles et al. (1991) described the two species (Table 1) , but this material needs a revision in the light of more recent discoveries (Van den Hoek Ostende and Furió, 2005) .
GEOGRAPHIC AND GEOLOGIC SETTING
The studied stratigraphic column is located in the Ribesalbes-Alcora Basin (eastern Iberian Peninsula; Figure 1 ; Agustí et al., 1988; Crespo et al., 2019a) near the village of Araia d'Alcora. This syn-tethic stratigraphic column is composed of seven sections (Mas dels Coixos, Mas de Torner, Araia Cantera Sud, Barranc de Campisano, Foieta la Sarra, Mas d'Antolino B and Corral de Brisca) of grey and yellow mudstones, limestones and sandstones, about 100 m thick (Crespo et al., 2019a) , which belongs to the "Unit Three" sensu Anadón (1983) . Agustí et al. (1988) reported the first sites with mammalian remains from the Ribesalbes-Alcora Basin. Until now, up to 45 sites have been described from the seven sections by Crespo et al. (2019a) . The record includes the southernmost record of the herpetotheriid Amphiperaterium frequens (von Meyer 1846) has been documented (Furió et al. 2012) , the new species Plesiodimylus ilercavonicus Montoya, 2018 (Crespo et al., 2018) , and the abundant remains of talpids (Crespo et al., 2019b) .
The studied sections represent a stratigraphic range corresponding to local biozone C from the Calatayud-Daroca Basin (MN4, lower Aragonian, early Miocene), in the chronologic interval 16.5-16 Ma according to van der Meulen et al. (2012) (Crespo et al., 2019a) .
MATERIAL, METHODS AND ABBREVIATIONS
The photographic images of the specimens were taken with a Scanning Electron Microscope HITACHI 4800 at the Servei Central de Suport a la Investigació Experimental (SCSIE) of the University of València Estudi General (UVEG). The fossil material is stored at the Museu de la Universitat de Valencia d'Historia Natural (MUVHN), Burjassot, Spain.
For the soricids and the heterosoricids, we have used the nomenclature and the measuring methods of Reumer (1984) . Measurements are given in millimetres and were taken using a Leica MZ75 binocular microscope, by means of displacement of a mechanical stage, connected to a Sony Magnescale measuring equipment. Lower teeth are designated with lower-case letters (lower antemolars: a1, a2 and a3; lower premolar: p4; lower molars: m1, m2 and m3; lower incisive: i) and upper teeth are written in upper case letters (upper antemolars: A1, A2, A3 and A4; upper molars: M1, M2 and M3; upper premolar: P4; upper incisive: I).
Throughout the text, the names of the sections often appear abbreviated as follows: MCX: Mas dels Coixos; MTR: Mas de Torner; BC: Barranc de Campisano; FS: Foieta la Sarra; MAB: Mas d'Antolino B; CBR: Corral de Brisca. (Agustí et al., 1988; Van der Meulen, 2003; Van den Hoek Ostende and Furió, 2005; Van den Hoek Ostende et al., 2009; 2017; Van der Meulen et al., 2012; Furió et al., 2018; Jovells-Vaquè et al., 2018) . Table 2 Description Mandible. A fragmented remains of mandible is found. The most complete fragment has the m2-3 locus and partial deep internal temporal fossa, with an angulous antero-lower corner of it. i. Tooth slightly hook-shaped in lateral view. A narrow basin is present along the lingual side of the crown, whereas on the labial side there are small basins at the anterior and posterior parts. There is a narrow cingulid in the lingual side. The tooth is strongly bicuspulate, with both cuspules similar in size. The posterior margin of the lingual side is concave, the labial margin is convex and both have a small cingulid. The incisor from MAB11 has lower cuspids. a2. The a2 has one root. The occlusal outline is almost triangular. The single cusp is positioned in the anterior third of the tooth; it is Y-shaped with two crests directed towards the posterolingual and posterolabial flanks, the latter crest is more developed than the former one. The lingual side is more developed, and the base of the crown is lower than the labial side. The sharp anterior ridge is protruding. The cingulid is high, wide, and it encircles the whole tooth except for the end of the anterior ridge; it is most pronounced in the posterolingual and posterolabial corners. p4. The p4 has two roots. It is similar to the a2 but larger. The posterolingual crest is nearly as long as the posterior one. m1. Overall, the m1 is more subtriangular than the m2. The talonid is wider than the trigonid. The anterior cingulid is wide. The paraconid is larger, but lower than the metaconid. The paralophid is Vshaped. The protoconid is the largest and highest cuspid. The protolophid is high, short and Vshaped. The trigonid basin is closed by a cingulid. The talonid basin is deep. The entoconid is connected to the metaconid by a straight entocristid. The entoconid is high and separated from the end of the entostylid. The hypolophid is high and straight and is not connected to the entoconid. At the base of the entostylid starts a small cingulid that ends in the anterior cingulid. The hypoconid is well developed. The oblique cristid ends near to the protoconid and is S-shaped in occlusal view. The hypoflexid is well developed and the lingual basin is present. m2. Similar to the m1 but with a more rectangular overall shape. The talonid is slightly wider than the trigonid but both are similar in length. The postentoconid valley and hypoconulid are smaller than the m1. The paraconid is as high as the metaconid. The protolophid is larger than in the m1. The entoconid is lower than in the m1. The oblique cristid terminates close to the protoconid. m3. The trigonid basin is open lingually. The talonid is reduced, being markedly smaller and narrower than the trigonid. The entoconid is reduced and connected to the metaconid by a straight entocristid. The hypolophid is straight and connected to the entoconid. The hypoconid is well developed. The oblique cristid ends approximately between the protoconid and the metaconid under the protolophid. The lingual cingulid is narrow. I. The basal margin is semicircular; the principal cusp is large. The talon is a triangular double cusp. The concavity between the principal cusp and the talon is large. The posterior margin is concave on both lingual and labial sides; the lingual concavity is easily visible. The principal cusp wears a ridge running down to the talon base and a blunt lingual ridge; they border a wide and shallow valley. The talon has two cusps, one of them (the labial), or both, well developed, but the labial cusp is always more pronounced than the lingual one. The crest that prolonges it posteriorly is connected to the cingulum. Between the two cusps, there is a valley of variable width. The cingulum starts at the end of the lingual talon cusp and becomes larger lingually, forming a long crest alongside the posterior margin on the labial side and ending next to the most basal point. A1. The tooth has one root. The overall outline is almost triangular. The single cusp is positioned in the anterior third of the tooth; it has three directed backwards, one central, more developed than the others and two lateral crests oriented towards the posterolingual and posterolabial flanks. The crown of the lingual side is slightly lower than the labial side. The sharp anterior crest is wide and protruding. The cingulum is large, wide and encircles the whole tooth; it is most pronounced in the anterior, posterolingual and posterolabial corners.
P4. The tooth has three roots, one lingual and two labial. The occlusal outline is rather trapezoidal, with a concave posterior side and the lingual corner curved. The paracone is large and conical, but strongly enlarged along its ridge and slightly bending posteriorly. The parastyle is angular and placed in the anterolabial end of the tooth. There ia a wide valley between the paracone and the parastyle. A small lingual cingulum is present. The protocone is larger, but lower than the parastyle. The hypocone is an enlargement of the cingulum of the hypoconical flange. This cingulum is connected to the posterior cingulum, which is well developed. The posterior emargination is well marked. The P4 from MAB3 has a narrower talon. M1. The tooth is subtrapezoidal in occlusal view. The paracone and the metacone are W-shaped and bend more posteriorly than the M2, the second cusp is higher than first one. The preparacrista connects to the parastyle and the last cusp has a style that runs towards the posterior part. The postparacrista and the premetacrista are connected via the mesostyle, which is strongly directed backwards. The postmetacrista is long and includes the metastyle. The preprotocrista is short and ends at the anterior margin of the paracone; the protoconule is absent. The metaloph runs towards the posterior part of the hypoconical flange, but it does not contact them and shows a free end. A narrow basin is present between the metaloph and the metacone. The trigon basin is large and deep. The development of the lingual cingulum is variable; it is situated in the postero-lingual part of the protocone. The development of the hypocone is very variable, it may be conical, isolated, fused with the hypoloph, a strong ridge around the hypoconal flange. In the posterior part of the hypocone, the hypoloph may have one or two more or less developed accessory cuspules. The hypoloph borders a shallow basin and fuses to the cingulum in the posterior emargination. The talon shows a relatively vertical position. The posterior cingulum is wide and well developed and it ends in the posterior flank of the metastyle. M2. The M2 is similar to the M1, but the paracone and the metacone are less bent posteriorly. The preparacrista shows a posterior spur. The postmetacrista is shorter than in the M1. A very weak protoconule is present. M3. The occlusal outline is subtriangular. The paracone is the highest cusp. The parastyle is a thickening of the preparacrista. The postparacrista connects posteriorly to the mesostyle, which is included in the ridge connecting the first crest with the premetacrista. The metacone is the smallest cusp, and constitutes a little posterior enlargement of the premetacrista and postmetacrista The postmetacrista is short and narrow and either it ends at the postero-lingual side of the tooth or it connects with the metaloph. The protocone is flattened and looks angular-shaped (not rounded) in the labial and lingual sides. The metaloph ends in the trigonid basin. The preprotocrista is long and ends at the anterior base of the paracone; there is no protoconule. The trigon basin is wide and deep.
Remarks
Due to the absence of complete mandibles, the taxonomy of the small-sized shrews from the lower Miocene is very complicated, since its classification is based on the number of antemolars, in species with non-specialized morphology and of similar size (Van den Hoek Ostende, 2003). On the other hand, although this group has conservative molars, some taxonomic discrimination is possible based on small morphological details (Van den Hoek Ostende, 2003; Engesser, 2009; Klietmann et al., 2014) . The material studied belongs to one species by the low morphological and size variability of the same teeth in the differents sites. Furió et al. (2007) split the subfamily Crocidosoricinae in three tribes: the tribe Myosoricini (which includes the lower-middle Miocene genus Miosorex), the tribe Crocidosoricini (with Crocidosorex or Carposorex, typical early Miocene forms) and the tribe Oligosoricini, represented in the early Miocene by the genera Oligosorex, Miocrocidosorex, Soricella, Florinia, Clapasorex, Ulmensia and Lartetium. The material here described cannot be attributed to the tribe Myosoricini, because their members have the talonid basin of the m3 reduced. Similarly, the studied material cannot be allocated to the tribe Crocidosoricini, since in this group the p4 shows posterolabial crest more developed than the posterolingual one. Therefore, the studied material can be ascribed to the Oligosoricini.
Miosorex desnoyersianus from Petersbuch 28 (Klietmann et al., 2014) and Sansan (Engesser, 2009 ) differs by: the lower incisor is curved and the cuspids are similar in size; the lower molars in having a less developed entoconid and lingual cingulid; a wider talonid of the m1,2; a longer entocristid, and shorter trigonid of the m3. With respect to the upper molars, the material in study has a general compressed shape and the hypocone is better developed.
Comparing with the different genera of the tribe Oligosoricini, the studied material differs from Florinia and Miocrocidosorex which have a very reduced talonid in the m3 (Lopatin, 2004; Klietmann et al., 2014) . It also differs from Clapasorex since this genus is characterized by compressed antero-posterior upper molars, a well-developed lingual cingulum and a m3 with a reduced talonid (Hugueney et al., 2012) . The genus Soricella is excluded because it is the only oligosoricine with a contact between the hypolophid and the entoconid hence without a postentoconid valley (Doben-Florin, 1964) . Ulmensia can be discarded as well because in this genus the posterolabial edge of the protoconid forms a crest that contacts to the middle of the labial cingulum (Hugueney and Maridet, 2011) . The comparison with the genus Lartetium is more problematic: some authors suggest it is a synonym of Oligosorex and propose its revision (Klietmann et al., 2014) , whereas some others recognize both genera as closely related (Hugueney et al., 2015) . Even so we can rule out this genus because Lartetium has a well-developed hypocone in the P4 and M1 (Hugueney et al., 2015) , and an absent or poorly developed entocristid (Ziegler, 1989; Doukas and Van den Hoek Ostende, 2006) .
The genus Oligosorex occurs in the Iberian Peninsula until the beginning of MN5 ( Van der Meulen et al., 2012) .This genus comprises three species: Oligosorex antiquus (Pomel, 1853), Oligosorex reumeri van den Hoek Ostende, 2001 and O. thauensis. Oligosorex antiquus is the oldest and biggest species. It shows less-developed labial cingulids than in the studied localities, and the m1 and m2 are similar in size (Van den Hoek Ostende, 2001b; Hugueney and Maridet, 2011) . Oligosorex reumeri only appears in MN3 from Turkey, and it differs from our material in its interrupted labial cingulid, m1 and m2 with a similar size and in a less developed hypocone (Van den Hoek Ostende, 2001b).
The studied material is morphologically very similar to O. thauensis from the Ramblian of the Daroca-Calamocha area, including the highly variable hypocone in the upper molars (Van den Hoek Ostende, 2003) . The specimens from the Ribesalbes-Alcora Basin only differ from the Ramblian populations in the P4, which is morphologically closer to Clapasorex alvarezae Van den Hoek Ostende, 2003 than the P4 attributed to O. thauensis by this author. Initially, the presence of C. alvarezae can be discarded because the rest of teeth have the same characteristics of O. thauensis, with the exception of the P4. When comparing sizes 12 with others populations of O. thauensis (Van den Hoek Ostende, 2003; , it can be noted that the p4 and the M2 in Ribesalbes-Alcora are larger whereas the m1, the m2, the P4 and the M1 are similar in size. The ratio AW/PW in the M1 are very stable in all specimens (0.79-0.84), while in the M2 is 1-1.02.
The remains of this species from the Ribesalbes-Alcora Basin represent its last known occurrence in the fossil record.
Genus SORICELLA Doben-Florin, 1964 cf. Soricella discrepans Doben-Florin, 1964 Figure 2 .25-2.26
Locality. FS1 Material. FS1: 1 M1 Measurements. Table 2 Description M1. Although the tooth is broken its subtrapezoidal shape can still be discerned in occlusal view. The paracone and the metacone are W-shaped and bend backwards, the second cusp being higher than the first. The (also broken) preparacrista joins the parastyle. The postparacrista and the premetacrista are connected via the mesostyle. The postmetacrista is long and the metastyle is broken. The preprotocrista is short and ends at the lingual margin of the paracone; the protoconule is absent. The metaloph runs posteriorly towards the hypoconical flange and ends free before attaining it; a narrow basin is present between the metaloph and the metacone. The trigon basin is large and deep. The lingual cingulum is narrow and runs from the anterolingual to the posterolingual part of the protocone. The hypocone is conical and constitutes the starting point of the hypoloph. The hypoconal flange is broken up to the hypocone. The hypoconal flange shows a relativelly vertical position. The posterior cingulum is well developed and wide, and it ends in the posterior flank of the metastyle.
This is the second soricid present in the Araia material. This tooth has only been recovered in site FS1 and is characterized by a large size ( Table 2 , the only measurement is the largest of the material in study) as well as the strong development lingual cingulum that surrounds the protocone in the M1. This morphology is characteristic of the species Soricella discrepans, a monospecific genus recorded in Europe during the time spanning from MN2 to MN4. It is in contrast only recorded during but only in MN2 in the Iberian Peninsula (Van den Hoek Ostende, 2003; Van den Hoek Ostende and Furió, 2005; Klietmann et al., 2014) . The absence of the lower molars, the principal diagnostic tooth, only enables us to leave this taxon in doubtful nomenclature. This species is the largest one in the European assemblages of the family soricidae in the early Miocene (Van den Hoek Ostende, 2003; Klietmann et al., 2014) and it is the only soricid from the early Miocene with the lingual cingulum developed (detail in Figure 2 .26).
Subfamily ALLOSORICINAE Fejfar, 1966 Genus PAENELIMNOECUS Baudelot, 1972 Paenelimnoecus micromorphus (Doben-Florin 1964) Figure 2 .27-2.28
Locality. BC1 Material. BC1: 1 i, 2 mandibles fragments (p4-m3 and m1-m3), 2 I and 1 M2. Measurements. Table 2 Description Mandible. the mental foramen is under the trigonid of the m1. i. The tooth is broken. Narrow basins are present along the crown on the lingual and labial side, with two narrow cingulids. The tooth is bicuspulate; the second cuspule is higher. The posterior margin of the lingual side is concave; the labial margin is convex. p4. The tooth has one root, and it is worn. The overall outline is almost triangular. The single cusp is positioned in the anterior third of the tooth; from this cusp two crests are directed towards the posterolingual and the posterolabial flanks, thus resulting in a V-shape; the posterolabial crest is more developed than the posterolingual one. The lingual side is more developed and the base of the crown is lower than the labial side. The sharp anterior ridge is large and protruding. The cingulid is long, narrow and it encircles the whole tooth; it is most pronounced in the posterolingual and the posterolabial corners. m1. The overall shape of the m1 resembles a rectangle with the anterolabial corner cut off in a curve. The talonid is wider and shorter than the trigonid. The anterior cingulid is wide. The paraconid is lower than the metaconid. The paralophid is Vshaped in lateral view. The protoconid is the largest and highest cuspid. The protolophid is high. The lingual cingulid is well developed and closes the trigonid basin. The talonid basin is narrow. The entoconid is connected to the metaconid with a short and straight entocristid. The entoconid is poorly developed and separated from the end of the entostylid. The hypolophid is high and straight; at the base of this crest there is a small posterior cingulid.
The hypoconid is well developed. The oblique cristid ends under the protoconid. The hypoflexid is poorly developed and the lingual basin is absent. The lingual cingulid is very narrow and short or absent. m2. The m2 is similar to the m1 but with a more rectangular overall shape. The talonid is wider than the trigonid but both are of similar length. The protolophid is lower than in the m1. m3. This tooth is similar to the m2 but smaller and with a very reduced talonid. The protolophid is as high as the metaconid. The lingual cingulid is narrow. The entoconid is poorly developed and connected to the metaconid with a short and straight entocristid. The entoconid is connected to the hypolophid: the entostylid is not present. The hypolophid is short and rounded. The hypoconid is poorly developed. The lingual cingulid and the lingual basin are either very narrow and small or even absent in one specimen. I. The basal margin is semicircular; the principal cusp is large. The concave part between the principal cusp and the talon is large. The posterior margin is concave on both the lingual and the labial side; the lingual concavity is wide. The principal cusp is broken. The talon is triangular, a cusp initially directed forwards and later bent down towards the occlusal side, the labial cusp is more pronounced and the lingual is very small, between them, there is a clear valley. The crest that prolongs them posteriorly is connected to the cingulum. The cingulum starts at the end of the lingual talon cusp and becomes thicker in lingual direction, forming a large crest alongside the posterior margin on the labial side and ending next to the most basal point. M2. The tooth has a subtrapezoidal shape in occlusal view, its labial part is broken. The paracone and the metacone are U-shaped and bend slightly backwards. The postparacrista and the premetacrista are connected via the mesostyle, which is slightly displaced to the posterior part. The preprotocrista ends at the anterior margin of the paracone; the protoconule is absent. The metaloph runs towards the posterior part of the tooth, but ends before reaching the hypoconical flange. The trigon basin is large. A poorly developed lingual cingulum is present. The hypocone is a small enlargement of the hypoloph, which is a strong ridge around the hypoconal flange; it borders a shallow basin and fuses with the cingulum in the posterior emargination. The hypoconical flange is relatively vertical. The posterior cingulum is wide on the metacone side and very narrow on the hypoconal flange and connects the hypoloph to the metastyle flank.
The Araia material is characterised by its small size, by the V-shaped p4, the V-shaped trigonid, an extreme reduction of the entoconid of the m1 and m2 and the extreme reduction of the m3 talonid (Van den Hoek Ostende et al., 2009). We can discard the similar genus Florinia because it has a p4 with "soricine" morphology, its entoconid is more developed, the talonid of the m3 is rounded and it only has entocristid. In addition, the lower molars have a complete lingual cingulid that connects the paraconid with the hypoconulid. The talon of the upper molars is shorter.
The morphologies observed herein are typical for the genus Paenelimnoecus (Klietmann et al., 2014) . During the European early Miocene, two species have been defined, namely P. micromorphus in MN3-MN4 from Central Europe and the related species Paenelimnoecus truyolsi in MN4-MN5 from the Iberian Peninsula (Van den Hoek Ostende et al., 2009). The latter authors remark that the principal difference between both species is the presence in P. micromorphus of a one-rooted V-shaped p4. This morphology is more primitive and has a "crocidosoricine" form, while this element in P. truyolsi is "soricine", with the reduced lingual crest and two roots.
The p4 from BC1 has "crocidosoricine" morphology, similar to P. micromorphus. The entoconid and entocrestid in the lower molars are less developed than in P. truyolsi and similar to the material of P. micromorphus from Peterbuch 28. The M2 has a narrower talon than the two species (Klietmann et al., 2014) . The material from BC1 is slightly larger than both species and closer to other later species like Paenelimnoecus crouzeli Baudelot, 1972. The upper molar is the smallest M2 in our soricid material. Consequently, we think that the material under study can be determined as P. micromorphus, which would constitute the first site of this species in the Iberian Peninsula.
Family HETEROSORICIDAE (Viret y Zapfe 1951)
Genus HETEROSOREX Gaillard, 1915 Heterosorex neumayrianus (Schlosser, 1887) Figure 3 Localities. MTR2, BC1, MAB0B, MAB3, MAB5 MAB8, MAB11B and CBR0B. Material. MTR2: 1 m1, 2 A3; BC1: 1 a3, 1 m3; MAB0B: 2 A1, 1 A4; MAB3: 1 i, 1 p4, 3 m1, 2 m2, 1 m3, 1 I, 1A1, 3 A2, 1 M1; MAB5: 1 i, 1 I, 2 A1, 1 A3, 2 P4, 1 M3; MAB8: 1 I; MAB11B: 1 M3; CBR0B: 1 i. Measurements. Table 2 Description i. The incisor is long, curved and subtriangular in frontal view. The surface is somewhat wrinkled. The superior part of the tooth has a platform, on the labial side it presents a cingulid with two small cuspids; another cingulid is present under this platform. The labial surface has a small upper depression with a posterior cingulid that continues up to the middle of the lingual side. The root is stout and shows a very deep groove along the lingual side. a3. The outline of the occlusal surface is subtriangular; the anterior side is tip-shaped whereas the posterior side is emarginated. The antemolar is wider than long. The top of the main cuspid lies just on the centre of the antemolar and is slightly inclined to the lingual side. A centrocrista runs backwards over the top of the main cuspid, from the anterior part towards the posterolabial side, and there is another crest directed towards the lingual side between the top and the postero-lingual margin. The cingulid is well developed and wide around the tooth but absent on the anterior side. p4. The p4 is similar to the a3 but larger, as long as wide, and with a poorly developed anterior cingulid. m1. The occlusal outline is sub-rectangular. The talonid is somewhat wider than the trigonid. The protoconid is higher than the metaconid. The paraconid is bulky and somewhat lower. The paralophid is V-shaped. The trigonid basin is wide whereas the talonid basin is narrow. The entoconid and the hypoconid are similar in size. The oblique cristid ends at the middle of the protoconidmetaconid crest. The hypoflexid and the lingual basin are well developed. The hypolophid is connected to the entoconid. The entostylid protrudes on the posterlo-lingual corner. The cingulid is continuous along the anterior, labial and posterior sides; the anterior part of the cingulid is wide. The posterior cingulid is very well developed and protrudes on the posterior side. m2. The m2 is similar to the m1 but with a more rectangular outline. The trigonid and the talonid are wide, the second is slightly wider than the first. The metaconid and the protoconid are similar in size. The paraconid is somewhat lower. The hypoconid is higher than the entoconid. The entocristid is poorly developed. The oblique cristid ends near the metaconid. The entostylid is isolated of the hypolophid. The cingulid is continuous and well developed along the anterior to posterior sides. m3. The m3 is similar to the m2, but smaller. In addition, the talonid is reduced and less rectangu-lar, the trigonid basin is wider than the talonid basin and the labial cingulid is wide. The hypolophid is very reduced. The cingulid on the labial basin is wide and has a cuspule. I. The I1 is large with a moderate hook; in the lingual side the hook is more marked. The enamel is somewhat wrinkled. The apex is fissident, the central cusp is smaller than the labial cusp. The talon bears a cusp. There is a shallow depression with a rather abrupt edge on the labial side of the talon. The supra labial part of the tooth has a well-developed cingulum. The root is stout. It shows a very deep groove along the lingual side. A1. The A1 is similar to the A2 but larger and with a sub-rectangular occlusal surface. There is an anterolingual protuberance in occlusal view. The antemolar is somewhat longer than wide. The centrocrista is better developed on the anterior side than the on posterior one, and there is a lingually directed crest between the top and a protruding cingulum in the lingual flange; this crest may be well or poorly developed. The latter crest divides the lingual side in two concave surfaces; the edge of the posterior surface is convex in occlusal view. Some specimens show both the labial and lingual cingulum poorly developed, others only the labial cingulum, and finally, others a well-developed posterior cingulum. Under the posterolingual cingulum, the tooth has a protruding platform. The anterior cingulum is lacking. The anterior part of the A4 is irregular. The tooth has one root. A2. The A2 is similar to the A3, but larger. A3. The outline of the occlusal surface is subquadrate, and bigger than in the A4. The enamel is somewhat wrinkled. The posterior side is emarginated. The antemolar is as long as wide. The top of the main cusp is in the anterio part of the tooth and is slightly inclined to the lingual side. A centrocrista runs over the top of the main cusp, from the anterolabial part in a posterolabial direction, and there is a lingually directed crest between the top and the lingual margin. A small protrusion in occlusal view is present in the lingual side. A well-developed cingulum is present around the tooth except on the anterior side. The tooth has one root. A4. The occlusal outline is sub-elliptical. The enamel is slightly wrinkled. The posterior side is emarginated and there is an anterolingual protuberance in occlusal view. The antemolar is longer than wide. The anterolingual part of the tooth is protrudent. A centrocrista runs over the top of the main cusp, in the middle of the posterior face of the cusp is divided in two crests. A poorly developed 16 cingulum is present around the tooth. The tooth has one root. P4. The occlusal outline is sub-triangular. The parastyle is a small cusp joined to the start of the lingual cingulum. The paracone is high. The posterocrista is curved from the tip of the paracone to the postero-labial corner of the premolar. The lingual cingulum is well developed and runs from the parastyle to the postero-labial corner of the premolar; the protocone and the hypocone are thickenings of the lingual cingulum; the protocone is located on the antero-lingual part of the tooth, and the hypocone on the lingual side. The cingulum borders a deep basin. The tooth has three roots. M1. The occlusal outline is sub-quadrate; the tooth is as wide as long. The anterior side is slightly curved anteriorly and has a hint of a cingulum. The parastyle is rounded. The paracone and the metacone are high. The anterior and posterior crests of these cusps form sharp ridges. The mesostyle is deeply divided, the end of the postparacrista is sharp while the extreme of the premetacrista is round. The trigon basin is very deep. The protocone is well-developed and distincly lower than the paracone. The hypocone is poorly developed. The anterior arm of the protocone ends at the base of the paracone. A central small arm of the protocone ends at the base of the metacone. A crest connects the protocone and the hypocone, which is only a thickening of the postero-lingual cingulum. This cingulum reaches the metastyle, and encloses a wide valley. The metastyle is sharp. The posterior side is straight. M3. The occlusal outline is sub-triangular. The paracone is the highest cusp. The preparacrista runs labially to the parastyle, which is a thickening of the preparacrista. A poorly developed anterior cingulum is present. The postparacrista connects posteriorly to the mesostyle, which is included in the ridge connecting the postparacrista and the premetacrista. The metacone is the smallest cusp and consists in a small posterior enlargement of the premetacrista and postmetacrista, which are both strong ridges. The postmetacrista is connected to the metastyle. The protocone is lower than the paracone and higher than metacone. It is flattened in both the labial and the lingual side. The poorly developed preprotocrista ends at the base of the paracone. There is no protoconule. The trigon basin is wide and deep.
Remarks
The fossil record of heterosoricids from the early Miocene of Europe is limited to two genera, Heterosorex and Dinosorex (Furió et al., 2015) . The former differs from the latter in many dental and mandibular characters. Heterosorex is characterized by an undivided masseteric fossa and a cuspulate lower incisor, the posterior border of which extends to the trigonid of m1. In contrast, Dinosorex is characterized by a divided fossa masseterica and an acuspid lower incisor, the posterior border of which extends to m1 (Ziegler, 1999) . No mandible has been recovered in the studied sites, but the isolated teeth differ clearly from Dinosorex (Van den Hoek Ostende, 1995). Indeed, cuspulated lower incisives, triangular P4 and poorly developed lingual cuspids in upper molars, are morphologies typical for Heterosorex (Smith and Van den Hoek Ostende, 2006; Klietmann et al., 2014; Furió et al., 2015) .
Heterosorex is common in Central Europe, but unusual in the Iberian Peninsula. Generally, the fossil remains are scarce, not studied, dubious or in need of revision. Agustí et al. (1988) describe one upper molar of H. subsequens from the locality of Mas de Antolino 2. The tooth fits well with the material described here. Nowadays the species H. subsequens is a subspecies of H. neumayrianus, similarly to the original description provided by Doben-Florin (1964) .
The genus Heterosorex comprises four species: H. neumayrianus, Heterosorex ruemkeae Doukas, 1986 , Heterosorex wangi Storch and Qiu, 1991 and Heterosorex delphinensis Gaillard, 1915 The last species only differs of H. neumayrianus in a few mandibular characters and the reduction of the antemolars. H. delphinensis is the most derived species and the last record of this genus, it has been only reported in the site of La Grive Saint Alban, but the original karstic fissure is lost and their precise age is unknown (Hugueney et al., 2012) . H. ruemkeae differs from our material by its larger size and its weak cingulum in the P4 (Doukas, 1986) . H. wangi is smaller, with a postcrestid in the lower molars that does not reach directly the entoconid and with more reduced antemolars and lower incisives (Storch and Qiu, 1991) .
The species H. neumayrianus is divided in to three subspecies, which can be distinguished by the degree of reduction of the antemolars, the size of the molars and the position of the mental foramen. The different subspecies are probably ancestor-descendant (Klietmann et al., 2014) . Heterosorex neumayrianus neumayrianus is the most primitive form and is characterized by the anterior position of the mental foramen (Klietmann et al., 2014) . Heterosorex neumayrianus under-goes a size increase during MN3. The forms of the late MN3 are ascribed to H. n. subsequens (Doben-Florin, 1964) . During MN4 H. neumayrianus decreased in size again (H. n. aff. subsequens) (Ziegler and Fahlbusch, 1986) .
In addition to size, the different forms can be distinguished by the degree of antemolar reduction. The only way to distinguish the different subspecies is on the basis of the mental foramen position, because size difference is only slightly appreciable in H. n. aff. subsequens from MN4 of Germany, which might invalidate the classification in diverse subspecies described above (Doben-Florin, 1964; Ziegler, 1989; Ziegler and Fahlbusch, 1989; Klietmann et al., 2014) . In Araia, the size of the upper molars is intermediate between H. n. aff. neumayrianus and H. n. subsequens, so our material is here ascribed to none of them and it might belong to a differentiated population with intermediate size between the two subspecies.
Another feature, absent in the populations of H. neumayrianus of MN4 in Central and Western Europe but present in our material is the divided mesostyle. This character appears in H. ruemkeae (Doukas, 1986) , where the mesostyle shows a slight division and is more pronounced in some species of the genera Dinosorex and Quercysorex (Ziegler, 1999) . In addition, the material from Araia and Les Cases de la Valenciana show a better developed hypocone than the populations from Central Europe although never as prominent as in the genus Dinosorex (Engesser, 2009; Jovells-Vaquè et al., 2018) .
DISCUSSION

Paleocology
Abundant and highly diverse assemblages of shrews have been traditionally considered as indicative of an humid (Reumer, 1995; Minwer-Barakat et al., 2010; Furió et al., 2011) and wooded habitat (Van den Hoek Ostende, 2001b) . In the early-middle Miocene, this diversity is particularly high in Central Europe, and somewhat lower in France, although some of the Central European genera, such as Paenelimnoecus and Soricella, occasionally occur in southern latitudes (Van den Hoek Ostende et al., 2009; 2016) . According to the literature (Van den Hoek Ostende, 2001b; Klietmann et al., 2015) , Oligosorex prefers dry environments. Nevertheless, its presence in almost all sites in Araia suggests that this genus was probably relatively independent from water resources. After the isotopic analysis was realised by Rios (2013) and the paleoecological inferences was realised by Crespo (2017) , we can observe a variability in the dries/humids environments along the sequence of Araia. The abundance of shrews in Araia can be interpreted as an indicator of a wooded environment (Table 3) . The genus Paenelimnoecus, which occurs only in BC1, generally lives in rather warm and wet habitats (Rzebik-Kowalska, 1994) . However, Popov (2003) states that at least Paenelimnoecus pannonicus (Kormos, 1934) , may have preferred dry environments with more or less open bush zones. The presence of this genus might indicate a warmer, drier and more open site in comparison with the rest of the basin. These conditions are less favourable for Oligosorex thauensis and permit the establishment of the small shrew P. micromorphus, as it is the case in Petersbuch 28. In the last site the species P. micromorphus might have been displaced by biggersized soricids. Similar situation occurs with the extant species Sorex minutus Linnaeus, 1766, which is limited by the presence of the larger Sorex araneus Linnaeus, 1758 (Klietmann et al., 2014) .
The palaeocology of the extinct heterosoricids is poorly known (Furió et al., 2015) . Doukas (1986) and Van den Hoek Ostende (2001b) consider Heterosorex and Dinosorex as forest dwellers, because these genera are found together with other wood dwellers and in lignitous sites. The only complete heterosoricid skeleton belongs to Lusosorex thaishanensis Storch and Qiu, 2004 , and it shows fossorial adaptations, which probably involves that it lived in wet and soft lands (Storch and Qiu, 2004) . Furió et al. (2011) consider Dinosorex a prefers humid habitats than Heterosorex. This is confirmed by the high abundance of Dinosorex in Hambach 6C, a lignitous site (Ziegler and Mörs, 2000) . Therefore, it might be assumed that Heterosorex is a forest dweller (Klietmann, 2013) and prefers moist environments, although in a lesser degree than Dinosorex. This can explain the co-occurrence of both genera in the middle Miocene of Central Europe: probably, while Heterosorex might have been a more open dweller, Dinosorex might have preferred more forest habitats (Van den Hoek Ostende, 1995; Klietmann et al., 2015) .
Nevertheless, these interpretations might be erroneous since Heterosorex occurs in all sites in Ribesalbes-Alcora, no matter how humid or wooded the sites were, at least according to the preliminary isotopic study (Ríos, 2013 ) and a preliminar palaeocological interpretation (Crespo, 2017) . In addition, the scarcity of heterosoricids could be due to competition with the dimylids in the sites in study, as suggested by their relative scarcity in all sites where the dimylids are present (Table 3) .
Biostratigraphy
The soricids and heterosoricids are rarely used in biostratigraphy (Klietmann et al., 2014) . While the shrews are the dominant insectivores in current faunas, this was not the case in the earlymiddle Miocene (Van den Hoek Ostende et al., 2016) . Their high abundance in some karstic fissures from Central Europe made possible detailed taxonomic studies, while the Iberian fossil record almost exclusively consists of isolated teeth. This complicates a confident taxonomic ascription and their use in biostratigraphy ( Van den Hoek Ostende et al., 2016) . Notwithstanding, an indeterminate species of Oligosorex has been recorded until the middle of MN5 zone in the Calatayud-Montalbán Basin (Van der Meulen et al., 2012) . Oligosorex thauensis, has been previously reported until the middle of MN3 zone in the Iberian Peninsula (Furió et al., 2007) . Consequently, the record of Araia demonstrates the last known appearance of this species.
The genus Soricella has been recorded between zones MN2 and MN6 (Furió et al., 2007) . The fossil record in the Iberian Peninsula of the genus Paenelimnoecus in the Iberian Peninsula is poor (Van den Hoek Ostende et al., 2009). The genus first appears in the Iberian Peninsula in the local zone A (MN3; early Miocene) and is not recorded after the local zone E (MN5; middle Miocene) ( Van den Hoek Ostende et al., 2009; 2016; 2017 ) (a second reappearance of this genus occurs from MN12 until MN16 (Minwer-Barakat et al., 2010; Van Dam et al., 2014; Furió and Agustí, 2017; Piñero et al., 2018) . Although, in the central area of the Iberian Peninsula, it is represented by P. truyolsi, whereas the species represented in Araia is P. micromorphus, which is typical from Central Europe. This fact shows that P. micromorphus is a transient taxon and was probably better adapted to particular environmental conditions present in BC1.
The genus Heterosorex is typical from the early Miocene, and its record starts in the late Oligocene, until the middle Miocene locality of La Grive Saint Alban, where it is considered a Lazarus taxon (Brunet et al., 1981; Ziegler, 1989; Van den Hoek Ostende et al., 2016) . Before MN4, this genus is almost exclusively limited to Central Europe. It has only been reported as a transient form in MN2 of Ramblar 1, Cetina de Aragón and Navarrete del Río (Calatayud-Montalbán Basin) and MN3 of Alto de Ballester 1 (Rubielos de Mora Basin) (Van den Hoek Ostende and Furió, 2005; Van den Hoek Ostende et al., 2017) . Since the local zone Ca from MN4 until its extinction at the end of the local zone Cb, its presence is generalized. This genus appears in the Daroca-Calamocha area, in the Ribesalbes-Alcora Basin and in several sites from different iberian basins such as the Vallès-Penedès (Les Cases de la Valenciana); Teruel (Montalvos 2); Magro (Buñol) and Madrid (O'Donnell) (Agustí et al., 1988; Robles et al., 1991; Van der Meulen et al., 2012; Hordijk et al., 2015; Van den Hoek Ostende, et al. 2016; Jovells-Vaquè et al., 2018; this paper) . Heterosorex might TABLE 3. Percentages of frequency (%) of soricids, heterosoricids, dimylids, talpids and erinaceids found in the Araia sections. Only represented are the sites intensively sampled with more than 50 teeth, the number in parentheses next to the locality name represents the number of mammal teeth found at this site, and the number in parenthesis next to the frequency is the percentatge of the family with respect to the mammals teeth found in the sites studied from Ribesalbes-Alcora Basin (modified from Crespo et al., 2019) . have been the victim of the expansion of grasslands and the climate change since the early-middle Miocene, in the Langhian, with droughts lasting up to six months in the Iberian Peninsula (Postigo-Mijarra et al., 2009; Barrón et al., 2010) . On the other hand, even though the closely related Dinosorex migrated in to Europe in the early Miocene, it did not appear in the Iberian Peninsula before the end of the middle Miocene. This genus, in Spain, only appears in the Vallès-Penedès Basin, this basin is characterized by environmental conditions similar to typical Central European of the end of the early Miocene (Furió et al., 2015) CONCLUSIONS The studies of soricids and heterosoricids from the Iberian Peninsula are rare and mostly limited to faunal lists. This stresses the importance of systematic research on these groups. The Ribesalbes-Alcora Basin, with continental sequences similar in age to those of the Calatayud-Montalbán area (local biozones Ca and Cb, MN4, early Miocene), has yielded a relative abundant fauna of soricids. Oligosorex thauensis is dominant in almost all studied assemblages. If this species is absent then cf. Soricella discrepans and Paenelimnoecus micromorphus occur. On the other hand, Heterosorex neumayrianus is relatively abundantexcept where dimylids are present -and has been recorded in all studied sites with an rich sample of mammal remains.
The soricid O. thauensis is at present the youngest Oligosorex species described. In fact, the specimens from Araia represent the last known occurrence of this species, which prolonges its biostratigraphical record up to the end of the early Miocene. If the taxonomic ascription of cf. Soricella discrepans is confirmed, first site in MN4 in the Iberian Peninsula with this species, previously only known in MN3 in the Iberian Peninsula or MN4 in Central Europe. In addition, Paenelimnoecus micromorphus, a typical Central European taxon, is found for the first time in the Iberian Peninsula. On the other hand the heterosoricid Heterosorex neumayrianus is a typical form of MN4 from the Iberian Peninsula. In summary, O. thauensis and H. neumayrianus represent resident species in the Iberian Peninsula, while P. micromorphus and probably Soricella discrepans were a new immigrant at this time in Spain.
The high relative abundance of Oligosorex thauensis and Heterosorex neumayrianus suggests that both species were eurytopic, whereas cf. Soricella discrepans and Paenelimnoecus micromorphus were more probably stenotopic, in Ribesalbes-Alcora Basin. The presence of O. thauensis, excludes the occurrence of the other two soricid species, a fact also observed in current faunas and in the site of Petersbuch 28. On the other hand, H. neumayrianus occurs in all kind of sites in the studied sections, which permits us to consider this species as more eurytopic than previously thought by the anterior authors. Its apparent mutual exclusion with the dimylids in the Ribesalbes-Alcora Basin probably indicates some kind of competition between both taxa.
